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Abstract: Energy may be defined as the capacity for vigorous activity. Energy is present in nature in 
various forms. The various forms of energy used by mankind for different purposes consist for lighting, 
heating, cooking, running machinery, transportation and for other applications. It is crucial resource for 
all nation building activities, which keep the country’s wheels of progress moving at an accelerated pace. 
Without energy the activities of mankind will come to a standstill and the life on the earth become 
impossible.  Energy may be derived from coal, oil, gas, biofuels such as wood, vegetable oil, bagasse. 
The term audit signifies an analysis of the input and output parameters to evaluate discrepancies if any. 
Energy audit also aims to identifying, evaluating and analyzing various forms of energy input and output. 
But the scope of the energy audit does not end here. With the help this information, potential areas of 
energy conservations are identified so as to review. The specific energy input both in terms of cost as well 
as absolute quantity. an attempt is made to collect exhaustive data, calculation of boiler and turbine 
efficiency for cogeneration, before overhaul and after overhaul. From the observations and calculation 
performed in previous chapter the following results are drawn. The boiler efficiency has increased from 
49.54% to 56.98%. The turbine underwent capital overhaul and has improved in performance from 
38.07% to 38.13%. 
I. INTRODUCTION 
India stand first in cane sugar production 
accounting for 10% of the world production.  
However, till recently the ultimately of bagasse 
generated has been limited to power and steam 
generation for captive use in the sugar plants. This 
has resulted in the overall improvement in the 
equipment design and efficiency levels, resulting 
in lesser pollutants.  With the installation of 
pollution control equipments in carbon dioxide 
and other toxic gases are eliminated.  The 
emission of carbon dioxide and other toxic gases 
like sulphur oxides and nitrogen oxide are a threat 
to the sustainability of human beings.  Carbon 
dioxide is a green house gas that is one of the 
major contributors to global warming. 
Statement of the project 
The statement of the project is 
“OPPORTUDNITIES FOR ENERGY SAVING 
IN SUGAR BASED CO-GENERATION PLANT. 
Energy audit is carried out at Mahatma Gandhi 
Sahakar sakkare Karkhane Bhalki karnatak state.  
The energy saving opportunities at plant are 
discussed thoroughly and presented in this project. 
Types of energy audit 
It is true that there is no clear cut methodology 
which can be tailor made for conducting energy 
audit. Historically energy audit is broadly 
classified two types.  
Preliminary energy audit 
A preliminary energy audit study typically 
involves two or three days. In preliminary  
energy audit, the entire audit exercise can be 
divided into three, 
Step-1: Identifies the quantity and cost of various 
energy forms used in the plant.  
Step-2: Identifies energy consumption at the 
department/process level.  
Step-3: Relates energy input to production, 
thereby highlighting- energy wastage in major 
equipment/processes.    
The typical output from a preliminary audit 
assignments are   
Set of recommendations for immediate low-cost 
action, and Identification of major areas / projects 
which require a more time in depth analysis. 
Methodology 
In this project an attempt is made to find the 
potential area for energy conservation of boiler 
and turbine of power plant unit calculate the 
evaluated efficiency of boiler before over hauling 
and after overhauling by the following 
methodology the indirect method is adopted for 
finding out the efficiency of boiler.  
II. EXPERIMENTATIO NAND 
OBSERVATIONS 
The experimental field work is carried out to 
assess the performance of the boiler and turbine at 
overhauling performance, which included the 
following: Thermal performance of the boiler 
based on losses method. Thermal performance of 
the turbine. Gross and net heat rate. The above 
field work was done with the unit under operation 
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before overhaul and after over haw during 1st OCt 
– 2016 to 22st FEB – 2017 respectively. The plant 
load was maintained close to the rated loads 
during the test period the plant load was 2.8 MW 
to 5.8 MW.  
Experimental Procedure 
The following conditions were maintained prior to 
and during the testing as per requirement. Unit 
must run on 3/4th of the test load or more for the 
last 12 hours. Unit must run at “near test” (rated 
load) for the last 2 Hr Setting period before the 
test: 60 minutes. Test period: 120 minutes [load to 
be held constant. Further run on period after test: 
30 minutes. Bagasse from the same source must be 
used for the above period. Steam output variations 
during the test: less than 2.8% of the test value. 
Steam pressure variations during the test: less than 
5.6% of the test value. Intermittent blow down 
must be reduced to Nil. CBD, RH and 
attemperation flow must be kept constant. Drum 
de-aerator levels must be maintained steady. 
Steam/ Water lines to service/station requirements, 
drains on valves and heaters auxiliary 
requirements. (steam coil APH, water washing of 
turbine, etc) 
Efficiency Evaluation of Boiler-Before 
Overhauling 
To determine to efficiency of boiler of the 
Mahatma Gandhi Sahakar sakkare Karkhane 
Bhalki the following treading work taken on boiler 
at steam generation capacity of 80 TPH pressure 
and temperature are 45 kg/ cm2 and 440± 5 °C 
respectively.  
Table 4.1: Operating parameters of boiler- before 
overhaul 
Sl No Description  Units  
1  Load  MW 3.50 
2 Air Temp at 
FD Fan inlet 
 °C 32 
3 Air Temp at 
PA Fan inlet  
 °C 33 
4 Flue gas 
Temp at APH 
 °C 330 
5 Flue gas 
Temp at APH 
out let  
 °C 260 
6 Secondary air 
Temp at APH 
out let 
 °C 284 
7 Primary air 
Temp at APH 
outlet 
 °C 290 




 °C 102 
9 Feed water 
Temp at 
economizer  
 °C 200 
10 Main steam 
flew  
 TPH 49 
Observation and calculation of boiler- after 
overhaul 
Table 4.2: Operating parameters of boiler- after 
overhaul 
Sl No Description  Units  
1  Load  MW 4.2 
2 Air Temp at FD 
Fan inlet 
 °C 34 
3 Air Temp at PA 
Fan inlet  
 °C 34 
4 Flue gas Temp at 
APH inlet 
 °C 340 
5 Flue gas Temp at 
APH out let  
 °C 271 
6 Secondary air 
Temp at APH out 
let 
 °C 292 
7 Primary air Temp 
at APH outlet 
 °C 298 
8 Feed water temp at 
economizer inlet  
 °C 102 
9 Feed water Temp 
at economizer  
 °C 202 
10 Main steam flew   TPH 51 
Efficiency evaluation of turbine before and 
after overhaul 
The unit has turbine of simple flow with 6 No of 
stage and the power rated 6998 km. Inlet pressure 
is 41 kg/ cm2, inlet steam temperature is 414 °C 
and steam flow is 51 TPH, lat 100 % MCR).  
Table 4.3: Efficiency evaluation of turbine before 
overhaul 
Particular’s  Units 
Before 
overhaul 
Power rated (MW) 5.6 
Inlet steam pressure  Kg/ cm2 
(g) 
39 
Inlet steam temperature  °C 408 
Extraction pressure  Kg/cm2(g) 0.65 
Bleed steam pressure Kg/ cm2 
(g) 
6.81 
Bleed steam flow k/ m 4985 
Turbine speed  Rpn 8200 
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Steam flow TPH 50 
Lube oil pressure range Kg/cm2(g) 1.6 





Bearing temperature  °C 68 
Table 4.4: Efficiency evaluation of turbine after 
overhaul 
Particular’s  Units 
After 
overhaul 
Power vated  (MW) 6 
Inlet steam pressure  Kg/ cm2 
(g) 
42 
Inlet steam temperature  °C 413 
Extraction pressure  Kg/cm2(g) 1.00 
Bleed steam pressure Kg/ cm2 
(g) 
6.90 
Bleed steam flow k/ m 5000 
Turbine speed  Rpm 8224 
Steam flow TPH 54 
Lube oil pressure range Kg/cm2(g) 1.9 





Bearing temperature  oC 66 
Comparison of boiler performance 
From the observation and calculation gives in 
chapter- 4. 
 we observed that by over handling there is 
improvement in boiler efficiency. The boiler 
efficiency by the losses method is shown is 
improvement from 49.54% to 56.98% there is a 
significant reduction in dry flue gas losses. 
Table 4.5: Efficiency evaluation of boiler: before 
and after overhaul. 
Particular’s  Units 
After 
overhaul 
Dry stack loss 8.74 7.06 
Wet stack loss 19.55 29.02 
Combustibles  in ash loss  1.415 1.663 
Radiation and unaccounted 
losses  
8.15 0.81 
Sensible heat in water 
vapour  
9.31 2.1 
Moisture in combustibles 
air loss 
0.23 0.025 
Sensible heat loss of  
bottom ash 
0.028 0.27 
Sensible heat loss of fly as  0.04 0.073 
Total loss  47.46  41.02 
Boiler efficiency  49.52% 56.98% 
Improvement in efficiency of boiler 
From table 4.5 it can be seen that the operation of 
boiler efficiency was 49. 54% before over haul 
and 56. 98% after overhaul against a design value 
60.00% to losses due to moisture in air, moisture 
in fuel and moisture generated from H2 is fuel 
uncontrollable. The dry stack loss was 9.74% 
before overhaul and 7.06% after overhaul against 
2.38% which can be controlled by reducing the 
excess air supplied to the combustion. The losses 
due to unbends in fly ash and bottom ash can be 
controlled by to controlling the coarse from 
bagasse mill.  
Energy saving by improving boiler efficiency. 
Before overhaul boiler efficiency =49.54% After 
overhauling boiler efficiency=56.98 % 
Improvement in efficiency =7.44%         Bagasse 
saving per hour =2.5 T/hr          Bagasse saving per 
annum (365 x 24 x 3.0) =26,280 Tonnes. 
Cost of bagasse   =350/ T = 26,280 x 350    
Cost saving per annum = 91, 98,000 lakhs 
Efficiency evaluation of turbine 
The total heat flow to turbine and turbine 
efficiency before and after overhaul is shown in 
Table 4.6                






Total heat flow to 
turbine T/hr 
35717.22 36994.44 
Turbine heat rate kg/ 
kwh  
9357.488 9027.40 
Turbine heat rate k cm/ 
kwh  
2359.28 2256.54 
Turbine efficiency % 38.07 38.13 
From table 4.6, it can be seen that the turbine heat 
rate is 2359.28 kcal/kwh before overhaul and 
2256.54 kcn/ kwh after overhaul against a design 
value of 1946.19 kal. Kw/hr to turbine efficiency 
was 38.07% before overhaul and 38.13% after 
overhaul against a design value of 44.42 % this 
shown that the turbine performance has improved 
after overhaul. The measures for improvement of 
turbine performance are as follows.  
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1) Sand / fly ash/ Al3O3 blasting of turbine 
internal parts.  
2) Checking and restoration of radial clearance 
between the tip of nozzles blades and the rotor. 
3) Checking and restoration of radial clearance 
between the diaphragm and the turbine shaft. 
4)  Checking and restoration of axial clearance 
between the moving blades and nozzles. 
5) Checking the healthiness of support bearing.  
Before overhaul turbine efficiency   =38.07 % 
After overhaul turbine efficiency =38.13% 
Improvement is efficiency=0.06     
Percentage saving in bagasse 2.5 x 0.06=0.15 
Bagasse saving per annum =365x24x0.15 =1314T               
Cost of Bagasse 350/T=1314 x 350 =459.90lakhs                    
Cost saving per annum=459.90 Lakhs         
Bagasse saving by improving turbine efficiency 
are annum =0.06 x 2.5 x 365 x 24 =1314 Tannes / 
annum   
Energy Saving Opportunities in the Plant 
1)  When bagasse is emerged from milling tandem 
using hot imbibitions, slightly higher 
temperature bagasse will lead to decrease of 
0.25 – 0.30% moisture due to evaporation of 
moisture of hot bagasse by atmospheric air, 
when the bagasse is carried in elevator and 
return carrier. 
2)  Trying to dry bagasse by diverting boiler 
exhaust gases by means of a suitable blower 
and making jacket underneath thoughts.  But 
this has resulted in not more than 15% 
moisture reduction but the bagasse is hotter by 
this method.  
3)  Hot gases also jacket chutes from rotary 
feeders to the furnaces, so that in the short 
distance traveled another 0.2 to 0.3% moisture 
is reduced.  But it is more advantageous to 
Jacket free flowing bagasse chutes with boiler 
exhaust gases.  
4)  The use of automatic blows down control, 
reducing cost and heat loss associated with 
boiler blow down can also be achieved through 
recovering the heat/energy in the blow 
down.5The blow down water has to same 
temperature and pressure as the boiler water.  
Before this high-energy waste is discharged.  
The resident heat is blow down can be 
recovered with a flash tank, a heat exchange, 
or the combination of the two 
III. CONCLUSION 
In this project, an attempt is made to collect 
exhaustive data, calculation of boiler and turbine 
efficiency for cogeneration, before overhaul and 
after overhaul. From the observations and 
calculation performed in previous chapter the 
following conclusions are drawn. 
1)  The boiler efficiency has increased from 49. 
54% to 56.98% the major reasons from having 
lower efficiency is poor quality of bagasse and 
air leakages. 
2) Efficiency of the boiler is increases by 6.44 
after overhaul. 
3) It is estimated that, increasing to boiler 
efficiency by 6.44% will save an annual 
bagasse of 21,900 tonnes. 
4) By increasing the boiler efficiency by 7.44 will 
save an annual cost of 91.98 lakhs 
5) The turbine underwent capital overhaul and 
has improved in performance from 38.07% to 
38.13%. 
6) Efficiency of the turbine is increased by 0.06% 
after overhaul, will save an annual cost of 
4,59,900 lakhs. 
By increasing to turbine efficiency by 0.06% will 
save an annual cost 4,59,900 lakhs. 
IV. FUTURE WORK 
1) Cleaning and brushing of air heater, 
economizer and bank tubes.  
2) Using De-mineralized water to the boiler.  
3) To save the turbine blade from erosion and 
corrosion. 
4) Furnace grate work development for 
combustion purpose.   
5) Improve the capacity of power 
generation.6Avoid maximum consumption of 
fuel, water, air.  
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